This paper investigates the implication of climate change and variability on the river flow within the traditional irrigation farming system, vinyungu, in Iringa region, Tanzania. The study aimed at establishing areas that are most impacted by climate change in terms of river flow and various adaptation strategies. It is based on both primary data collected by questionnaires distributed randomly among 189 farmers and key informant checklists conducted with villages' leaders and Agriculture Extension Officers. Two focused group discussions were carried out for each village as well as the researcher's own observations, and secondary data includes: literature review, rainfall and river flow data. The long-term annual trends of rainfall and river flow were analyzed via MannKendall's statistical test and linear trend analysis. Climate data on rainfall trend showed a significant decreasing pattern during the last 17 years. Also, river flow data showed a slight decline within the same period. Decrement in river flow, combined with rainfall fluctuation, forced farmers to employ various adaptation strategies. Following the severity of the problem the paper recommends that more research be conducted on proper water management for sustainable river flow for both agriculture production and environmental management.
INTRODUCTION
Agriculture remains the mainstay of the economy of many sub-Saharan Africans and central to the survival of millions of people (FAO ). It provides employment to an average of 65% and contributes to about 32% of the GDP (gross domestic product) (AASR ). In Tanzania, the sector contributes to about 50% of GDP, 80% of employment, and 75% of export (AASR ). Despite being crucial to the economy of the continent and the country in particular, it is among the main sectors affected by climate change and varia- The vinyungu system is practiced in areas that are moist throughout the year; sometimes the system depends on water from rivers for irrigation (Majule & Mwalyosi ; Munishi et al. ) . As a result, vinyungu are mostly located along rivers, around water catchments and/or within wetlands. However, even vinyungu systems tend to be affected by CC&V through the reduction of water level in rivers, which most farmers rely on for irrigation (Majule & Mwalyosi ; Magembe ) . In addition, it tends to cause drying up of wetlands suitable for vinyungu farming. In most cases vinyungu is associated with low water use efficiency including diversion of water from river channels for irrigation and some practices that lead to the collapse of riverbanks and drying up of wetlands and downstreams (Mallango ) .
This results in the collapse of riverbanks and drying up of wetlands and downstreams. It is mainly due to this that acts and by-laws to govern the conservation, management, and development of water sources, riverbanks, and beaches or coasts have been passed (Madulu ; Mkavidanda & Kaswamila ; Kassian ; Kisanga ) . Despite the fact that most farmers are aware of the acts and by-laws, they do not comply with them. Consequently, governmental and nongovernmental institutions in Tanzania had either to improve or limit vinyungu farming. 
PROBLEM STATEMENT

MATERIALS AND METHODS
Study area
The study was carried out in Iringa Rural District, Iringa (Figure 1 ).
Data collection
Both primary and secondary data were used in the study.
Primary data collection was undertaken using household questionnaire, key informants' interview, focus group discus- Monthly rainfall and Lyandembera River flow data from 1997 to 2014 were collected at Kalenga and Ilongo stations, respectively. These data were used to investigate whether there is a relationship between the trend of rainfall and river flow in Lyandembera River.
Data analysis
Qualitative data were produced in an outline form to perform content analysis after organizing and coding into categories. Quantitative data were analyzed using Statistical Cross tabulation was used to compare different parameters from the two villages during data analysis. Then, information from SPSS was presented by graphs using Microsoft Excel software. Furthermore, the annual trend of rainfall and river flow data were analyzed by using
Mann-Kendall's statistical test and linear trend analysis, and presented graphically using Microsoft Excel.
RESULTS AND DISCUSSION
The trend of rainfall and river flow
The study findings ( of objects such as stones in the river that were not visible in the past. Despite the fact that farmers associated stone visibility with the decline of river flow, scientifically the situation is a result of soil erosion within the river rather than the decline in river stage (Immoor ) . This was also directly observed in Ifunda village ( Figure 5(b) ). Moreover, crossing of the river by foot during the rainy season which was not possible in the past was directly observed during data collection conducted during the rain period ( Figure 5(a) ).
During the FGD interview it was revealed that decline of river flow is caused by many factors, including declining rainfall amount and increased pressure on the utilization of water for irrigation in vinyungu fields due to increased Figure 6 ). This implies that the major factor is rainfall, based on the trend of river flow data, which corresponds to the trend of rainfall data in both study villages.
Adaptation strategies to water shortage in valley bottom fields and their relative costs
Findings from this study revealed that there is a tremendous decline in river flow used for vinyungu irrigation, resulting in a decline in crop productivity in the area. To cope with and maintain crop productivity, various practices have been employed and their costs were investigated.
Irrigation and methods of irrigation
Findings from this study revealed that the majority (78% and 88% in Lumuli and Ifunda villages, respectively) of the respondents practice irrigation to maintain crop yields.
According to Kassian () Analysis from the household questionnaire showed that during the dry season about 29% of the respondents in Lumuli village spend 3-5 USD for irrigation per day per acre while in Ifunda village about 26% spend 16-18 USD for irrigation (Figure 8 ). This implies that in Ifunda village the cost of irrigation is higher than Lumuli village due to higher market opportunities for agricultural products within and outside the village. This increases the cost of production as high capital is used in irrigation to maintain marketable crop yields.
Major environmental problems associated with adaptation strategies
Findings from the study revealed that there are various environmental problems associated with the vinyungu farming system, as summarized in Figure 9 . These problems include the decline of water in the fields. This was the first problem mentioned in association with increased utilization of water for irrigation reported by 48% and 55% of the respondents in Lumuli and Ifunda village, respectively.
The problem was associated with the decline of rainfall and over-utilization of water for irrigation through increasing the depth of excavated water wells in the fields.
This could result in lowering the water table.
River diversion was reported by one of the key informants to cause water shortage to the downstream farmers District has shown that farming practices along water sources threaten the vinyungu system through accelerated soil erosion on riverbanks. Furthermore, soil erosion was reported to be a major concern for the sustainability and productivity of the farming system in Rufiji basin (Majule & Mwalyosi ) .
River sedimentation and vinyungu fields flooding were among the problems reported by a minority (5%) of the respondents in both study villages. These problems were reported to occur during heavy rainfall periods, which are 
CONCLUSION AND RECOMMENDATIONS
Scientific evidence from this study is aligned with local perceptions that climate change in terms of rainfall decrease has implications on the trend of river flow. The trend of the river flow corresponds to the trend of rainfall which shows a slight declining pattern in the last 18 years. This has an impact on crop production in vinyungu fields located along the Lyandembera River, which depend on water from the river for irrigation. In maintaining crop productivity and soil moisture, various methods reported to be employed include increasing the depth of water wells in the fields, diverting the river through water channels to the fields, and increasing the use of water from the river. These affect river flow. Therefore, this study recommends that central and local government should put more effort into enforcing laws and by-laws that restrict any human activities such as agriculture to be conducted on wetland and within this paper recommends that more research should be conducted on proper water management and irrigation methods for sustainable river flow for both agriculture production and environmental management for different farmer typologies.
